Background. Contrasting hypotheses exist regarding the relationship between comorbidity and breast cancer stage at diagnosis. One suggestion is that disabling comorbid conditions would result in a later stage diagnosis of breast cancer because such conditions would limit mobility and thus access to medical care. This article examines this hypothesis by building a comorbidity summary measure of functionally limiting comorbid conditions and by testing the effectiveness of this measure in predicting the stage at which breast cancer is diagnosed.
NE of the most important determinants of survival from breast cancer is the stage at which it is diagnosed (1) . The presence of concurrent health conditions, or comorbidity, has important implications for breast cancer screening, especially for older women who often have multiple health problems (2) . There are several hypotheses regarding how comorbidity affects cancer stage at diagnosis. For instance, comorbidity would be associated with diagnosis of cancer at later stages if existing health conditions caused early cancer symptoms to be overlooked by physicians (3, 4) . In addition, disabling conditions, such as stroke or Parkinson's disease, may lead to a later stage breast cancer diagnosis because the mobility limiting nature of such conditions may act as a barrier to accessing medical care (2) . A contrasting hypothesis is that comorbidity may result in increased frequency of medical visits and therefore lead to a greater opportunity for early cancer diagnosis (5, 6) .
There is some evidence to support the latter hypothesis. For example, West and colleagues (7) found that in the San Francisco Bay Area women with higher levels of comorbidity were more likely to have been diagnosed with localized breast cancer. Moritz and Satariano (8) and Satariano and Ragland (9) found a similar marginally significant relationship among women in the Detroit area. However, Havlik and coworkers (10) and Samet and colleagues (11) found no relationship between cancer stage and comorbidity. The inconsistent findings between comorbidity and disease stage may be due to the use of summary measures of comorbidity that combine several disease types. Summary measures that simply total several diseases may not effectively assess disease stage because different health conditions may affect the timing of breast cancer diagnosis in different ways (2) .
Using functional status as an indicator of disability, this article explores the hypothesis that the presence of disabling comorbid conditions leads to later stage breast cancer diagnosis (2) . The objectives of this research were to combine those comorbid conditions that best predicted functional limitation into a comorbidity summary measure and to determine the effectiveness of this measure in predicting the stage at which breast cancer is diagnosed.
M ETHODS
This article uses information from the Health and Functioning in Women with Breast Cancer study. Begun in 1984, this case-control study examined the functional and psychosocial status of women following the diagnosis and treatment of breast cancer (9) .
The cases in this study were selected from among all 40-84-year-old women with newly diagnosed breast cancer who resided in the Detroit metropolitan area. All cases were identified through the population-based Metropolitan Detroit Cancer Surveillance System (MDCSS), a participant of the Surveillance, Epidemiology, and End Results (SEER) program of the National Cancer Institute (NCI). Using a O Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/55/10/M593/636250 by guest on 09 March 2019 rapid reporting system, cases were identified within 4 weeks of diagnosis, which allowed cases to be interviewed from 2-4 months following diagnosis. Women living in long-term care were excluded from the study, as were women with a previous history of breast cancer; however, those with a previous history of other types of cancer were included.
The sample consists of two cohorts identified during two 7-month periods: from 1984 to 1985 and from 1987 to 1988. In the first case series, 571 women, aged 55-84 years, were identified as eligible for study inclusion. Of these, 463 (81.1%) were interviewed. In the second case series, 548 of 620 eligible women (88.4%), aged 40-54 and 75-84 years, were interviewed. The second case series augmented the first by including younger women and by increasing the representation of older women within the sample. In total, 1011 cases were interviewed.
The majority of interviews were conducted in respondents' homes by trained interviewers (5% were performed by phone). The interviews required 45-60 minutes to complete and included questions on sociodemographics, health status, health behavior, functional status, social networks, and social support.
Assessment of Stage of Disease
Information on stage of disease was obtained from the MDCSS and was defined in relation to the criteria established by the NCI's SEER program (12) . Local disease was diagnosed among cases in which the primary tumor was limited to the breast, nipple, or areola. Cases with regional disease had tumors that had invaded the subcutaneous tissue or skin of the breast, including invasion of, or fixation to, the chest wall, ribs, or chest muscles. Cases with tumors of any size that involved edema or inflammation of the skin or with tumors that had invaded the low, middle, or high axillary lymph nodes were also diagnosed with regional disease. Remote disease is described as metastasized disease, which may involve spread to the skin over the sternum, upper abdomen, axilla, or opposite breast, adrenal gland, or ovaries. Remote disease may also involve invasion of distant lymph nodes, including infraclavicular, supraclavicular, cervical not otherwise specified contralateral axillary, and/or internal mammary nodes, as well as brain, bone, liver, or lung.
Because of the small number of remote cases ( n ϭ 36), they were combined with regional stage cases to create an "advanced" stage category. Stage was therefore treated as a dichotomy, with local stage coded as 0 and advanced stage as 1.
According to NCI's SEER program, the 5-year survival rates for local, regional, and remote stage disease are 93%, 72%, and 18% respectively (1). In 1983-1987, 53% of all breast cancer cases were diagnosed with localized disease, 36% were diagnosed with regional stage disease, and 7% were diagnosed with remote stage disease (1).
Assessment of Comorbidity
Medical abstractors from the MDCSS reviewed the records of all cases for the presence of 18 concurrent health conditions (hypertension, myocardial infarction, other heart disease, diabetes, arthritis, respiratory disease, stroke, other cancers, broken bones/skeletal disorders, and conditions of the circulatory system, ear, eye, gallbladder, gastrointestinal system, kidney, liver, thyroid, and urinary tract). Abstractors recorded whether each condition was diagnosed prior to, concurrently with, or subsequent to the breast cancer diagnosis. The majority of conditions (93%) were diagnosed prior to the breast cancer diagnosis, and it is these on which the analyses are based. To maintain reliability, the medical records were reabstracted by supervisory staff members and compared with the originals. Inconsistencies, which were subsequently resolved, were found in less than 5% of the cases (9) . Each condition was coded as 0 for absent and 1 for present.
Assessment of Functional Status
A scale composed of items from questionnaires used in the Massachusetts Health Care Panel Study (13) , the Framingham Disability Study (14) , and the National Institute on Aging's Established Populations for the Epidemiological Study of the Elderly (15) was used to assess physical functioning. The scale measured the degree of difficulty respondents reported in carrying out ten basic activities 1 year prior to the interview (i.e., pushing or pulling large objects; stooping, crouching, or kneeling; lifting or carrying items under 10 lbs; lifting or carrying items over 10 lbs; reaching or extending arms above or below shoulder level; writing or handling small objects; standing in place for 15 minutes or longer; sitting for long periods; walking alone up and down stairs; and walking half a mile without help). Respondents indicated their level of difficulty as follows: none, a little, some, a lot, or that they did not perform the activity because of doctor's orders. Each item was coded dichotomously as 0 (no, a little, or some difficulty) and 1 (a lot of difficulty, or didn't perform because of a doctor's orders). Those with a lot of difficulty or who did not perform the activity because of a doctor's orders were considered to have functional limitations, whereas those with no, a little, or some difficulty were considered to have no or little limitation (16) . Responses for the ten items were then added to determine the number of areas in which respondents were functionally limited, and finally, categorized for analyses in relation to whether cases experienced no or little limitation versus limitation in one or more areas.
Assessment of Sociodemographic, Behavioral, and Social Factors
Data on potential confounding variables were obtained from the interviews. Age at the time of the interview was categorized by age group: 40-54, 55-64, 65-74, and 75-84 years. Race was either white or black. Education was coded as a categorical variable: 0-8, 9-11, 12, and 13 or more years of education. A variable to assess financial adequacy 1 year prior to the interview was created from two questions regarding the adequacy of financial resources in meeting daily needs in the past month (adequate, not adequate) and how this compared with 1 year earlier (better, the same, or worse this year). The financial adequacy variable therefore represented the 731 cases whose financial status at the time of the interview reflected that of 1 year earlier. The 230 cases whose prior financial status could not be determined were excluded from the analyses. These women were more likely to be younger, smokers, separated or divorced, and to have no comorbid conditions in comparison with the 731 women for which there was financial adequacy information. This variable was coded in relation to whether resources were adequate or not adequate.
Smoking status 1 year prior to the interview was categorized as follows: nonsmokers who never smoked, former smokers who quit more than 1 year earlier, and current smokers 1 year earlier. Drinking patterns 1 year prior to the interview were assessed from questions regarding the typical frequency and quantity of wine, beer, and other alcohol consumption 1 year earlier. Categories of consumption included: abstainers (did not drink 1 year prior to the interview); infrequent drinkers (drank Ͻ 1 time/week and consumed at least 1 or 2, but as many as 5 or more drinks/occasion); and frequent drinkers (drank 1 to 2 or more times/week and consumed at least 1 or 2, but as many as 5 or more drinks/occasion) (17) . Body weight was assessed through body mass index (BMI) (i.e., self-reported weight in kg/self-reported height in m 2 ). BMI was categorized in relation to whether cases were not overweight (BMI Ͻ 25.0), overweight (BMI 25.0-30.0), and obese (BMI Ͼ 30.0) (18) .
The living arrangement of cases was assessed from questions on marital status, the health of one's husband, and household size. Cases were categorized as living with a healthy spouse, living with an ill spouse and perhaps others, living alone, and living with others (19) . Network size was determined by the number of relatives and friends to whom respondents felt close: 0-2 versus 3-13 friends and relatives. Group membership was indicated by cases' participation in zero versus one or more community, social or recreational, church, self-improvement, or other types of groups.
Comorbidity Summary Measure
The comorbidity summary measure was developed by building a logistic regression model that included all individual comorbid conditions and control variables previously found in chi-square analysis to predict functional limitation with p values of Յ .25 (Table 1) (20) . The comorbidity summary measure included only those comorbid conditions that were found in the logistic regression analysis to independently predict functional limitation ( p Ͻ .10). This measure therefore included the following five conditions: arthritis, gastrointestinal conditions, eye conditions, respiratory conditions, and kidney conditions. Following the strategy used in a measure generated in a previous study of comorbidity and breast cancer survival (9), each condition was given a weight of 1. The comorbidity measure therefore consisted of the summed scores of the five conditions and was ultimately coded in relation to whether respondents had zero, one, or two or more of these functionally limiting conditions.
Analyses
All analyses were conducted using the Statistical Package for the Social Sciences (SPSS) (21) . Analyses were limited to the 731 cases for which there were data on stage of disease, comorbidity, and financial status. The logistic regression analyses were conducted using the logistic procedure from SPSS. The relationship between disease stage and the predictor variables is represented as an odds ratio indicating the odds of an advanced versus a local stage diagnosis of breast cancer given the presence of certain risk factors.
The multivariate analysis was conducted in two stages. First, an initial logistic regression model was built by including the comorbidity summary measure, as well as all other variables previously found in chi-square analysis to have levels of significance of Յ .25 (20) . Second, a final model was built that included only variables found in the first model to predict disease stage with a level of significance of Յ .10. A number of possible interactions were also examined (i.e., between the comorbidity measure and age, race, and financial adequacy), but none were found to significantly improve the fit of the model.
R ESULTS

Sample Characteristics
More than half of the women in the sample were diagnosed with localized breast cancer (Table 2) , which is similar to the proportion of localized cases reported by the national SEER program (1) . One third of women in the sample reported functional limitations in one or more areas 1 year prior to the interview. The most common area in which cases reported limitation was in stooping, crouching, or kneeling, with 104 women (14.2%) reporting a lot of difficulty, or that they did not perform the task because of a doctor's orders. Ranking second in prevalence were limitations in the following two areas: walking 1/2 mile without help and pushing or pulling large objects, with 101 women (13.8%) reporting limitations in each area. The area in which cases reported the least limitations was in writing or handling small objects, with 22 women (3.0%) reporting limitations (data not shown).
The majority of the sample was white, had resources that adequately met their financial needs 1 year earlier, and had at least graduated from high school ( Table 2 ). Cases ranged in age from 40 to 85 years old, with a median age of 65. The total years of education among the sample ranged from 0 to 22 years, with a median of 12 years. Just over half of the women were overweight or obese as defined by a BMI of Ն 25.0. The BMI of cases ranged from 14.63-55.77, with a median BMI of 25.40. Just over half of the cases had never smoked cigarettes and just under half abstained from alcohol 1 year prior to the interview. One fifth of the sample lived with a husband who was in poor health. The majority of the women had three or more friends or relatives with whom they were close, and over half of the cases belonged to at least one outside group.
Prevalence of Comorbidity
Review of the cases' medical records for the 18 comorbid conditions showed that the most prevalent condition was high blood pressure, followed by heart disease and arthritis. The least prevalent health problem was liver condition (Table 3).
A total of 252 women had one or more of the five functionally limiting comorbid conditions: arthritis, eye conditions, gastrointestinal conditions, kidney conditions, and respiratory conditions ( Table 4 ). The majority of cases had only one of these conditions, just over one fifth had combinations of two conditions, and very few had combinations of three or more conditions. The most common combination of two conditions was arthritis and gastrointestinal conditions. The most common combination of three conditions was arthritis, gastrointestinal, and respiratory conditions. The most common combination of four conditions was arthritis, eye, gastrointestinal, and respiratory conditions.
Comorbidity and Stage of Disease at Diagnosis
Bivariate analysis.- Table 5 shows that there was a marginally significant relationship between having zero functionally limiting comorbid conditions and being diagnosed with advanced stage breast cancer. In addition, an advanced stage diagnosis was associated with being black, living with others, and not participating in outside groups.
Multivariate analyses.-Initial model: The initial logistic regression model included the comorbidity summary measure, as well as age, race, financial adequacy, smoking status, drinking patterns, living arrangements, and group membership. This initial model showed that cases who had been previously diagnosed with two or more of five functionally limiting comorbid conditions (i.e., arthritis, respiratory conditions, eye conditions, gastrointestinal conditions, and kidney conditions) were at decreased risk of receiving a diagnosis of advanced stage disease in comparison with those with none of these conditions (odds ratio [OR] ϭ 0.47, 95% confidence interval [CI] 0.26-0.83, p ϭ .01).
Also at decreased risk of presenting with advanced disease were women who participated in outside groups (OR ϭ 0.70, 95% CI 0.51-0.96, p ϭ .03) and women who lived alone, in contrast with women who lived with a healthy spouse (OR ϭ 0.66, 95% CI 0.43-1.01, p ϭ .06). An increased risk of presenting with advanced stage breast cancer was found among black women, in comparison with white women (OR ϭ 1.55, 95% CI 1.01-2.39, p ϭ .04). When compared with infrequent drinkers, women who drank frequently were also at increased risk of being diagnosed with advanced disease (OR ϭ 1.61, 95% CI 1.06-2.46, p ϭ .03).
Final model: The final logistic regression model included the comorbidity summary measure, as well as age, race, drinking patterns, living arrangement, and group membership. In the final model, the comorbidity summary measure continued to be associated with disease stage at diagnosis (Table 6 ). Those cases with two or more of the five functionally limiting conditions were about half as likely as those with none of these conditions to receive a diagnosis of advanced stage breast cancer. Notes : BMI ϭ body mass index. † Abstainers did not drink 1 year prior to the interview; infrequent drinkers drank Ͻ 1 time/week and consumed at least 1 or 2, but as many as Ն 5 drinks/ occasion; frequent low volume drinkers drank 1 to Ն 2 times/week and consumed at least 1 or 2, but as many as Ն 5 drinks/occasion. Race also continued to predict disease stage, with black women at more than one and a half times greater risk of presenting with advanced stage disease. When compared with women who drank infrequently, women who drank frequently were also at increased risk of being diagnosed with advanced disease. Those who participated in outside groups were less likely to present with later stage disease.
D ISCUSSION
The objectives of this analysis were to build a summary measure of functionally limiting comorbidities and to test the effectiveness of this measure in predicting breast cancer stage at diagnosis. Five individual comorbid conditions were found to predict self-reported functional limitation: arthritis, eye conditions, gastrointestinal conditions, kidney conditions, and respiratory conditions. When combined into a comorbidity summary measure, these analyses showed that women with functionally limiting comorbid conditions were at decreased risk of presenting with later stage breast cancer. Women with two or more of these five conditions were, in fact, about half as likely as those with none of these conditions to receive an advanced stage diagnosis.
These findings are in contrast to the suggestion that more disabling conditions may be associated with diagnosis of breast cancer at later stages. It is possible, however, that different comorbidities may affect stage at diagnosis in different ways, with conditions that require medical monitoring leading to early stage diagnosis (2) . The five conditions combined in this measure, although functionally limiting, may also be associated with increased medical monitoring due to patients' symptoms and/or treatment requirements. In other words, increased monitoring may occur despite limitations in mobility. ʈ Abstainers did not drink 1 year prior to the interview; infrequent drinkers drank Ͻ 1 time/week and consumed at least 1 or 2, but as many as Ն 5 drinks/occasion; frequent drinkers drank 1 to Ն 2 times/week and consumed at least 1 or 2, but as many as Ն 5 drinks/occasion. ‡ Abstainers did not drink 1 year prior to the interview; infrequent drinkers drank Ͻ 1 time/week and consumed at least 1 or 2, but as many as Ն5 drinks/occasion; frequent drinkers drank 1 to Ն2 times/week and consumed at least 1 or 2, but as many as Ն5 drinks/occasion. The assessment of functional status was based on the self-reported ability to perform ten tasks. Yet these tasks may not fully reflect one's level of disability. Comorbidities that affect the ability to perform the activities of daily living or instrumental activities of daily living may place more limitations on mobility or in the ability to access medical care, and therefore, may be associated with a later stage diagnosis of breast cancer.
An important strength of this study is its use of population-based cases obtained from the MDCSS, part of the national SEER program. A possible limitation, however, is that these data were collected between 1984 and 1988. Because these data are now more than 10 years old, they may not represent women diagnosed with breast cancer today. It is recommended, therefore, that the association between functionally limiting comorbidities and stage of disease be examined among new cohorts of women in different geographic areas with newly diagnosed breast cancer.
Like other cross-sectional studies, this study is also limited by problems with recall bias and temporal ordering. Recall bias is a concern because information on functional status was obtained at the time of the interview, approximately 3 months after cases had received their diagnosis of breast cancer. Cases' recollection of their functional status 1 year previously may have been influenced by the diagnosis of and treatment for breast cancer. For example, women treated for breast cancer have been found to report greater functional problems than healthy controls (16) and, as a result, they may believe that their functioning 1 year earlier was better than it actually was.
An additional concern is with temporal ordering. Although analyses were limited to those comorbid conditions that were diagnosed prior to the breast cancer diagnosis, the exact timing of the diagnoses of these comorbidities is unknown. In the analysis, comorbidities were examined as predictors of functional limitations. It is possible, however, that the functional decline preceded the diagnosis of the comorbidities.
Finally, this study did not include information on breast cancer screening behavior. Screening, particularly mammography in combination with clinical breast examination, has been shown to effectively detect breast cancer at earlier stages (22) . Although there are research findings that indicate that comorbidity and older patient age have a negative impact on physicians' attitudes and practices regarding clinical breast examination and mammography referral (23, 24, 25) , the present study showed that the presence of functionally limiting comorbidity actually increased the likelihood of breast cancer being detected at an earlier stage.
These findings confirm those of others that showed that women with increased comorbidity were more likely to be diagnosed with localized breast cancer (7, 8, 9) . The findings suggest that increased medical monitoring, regardless of its purpose, is associated with an increased likelihood of early stage breast cancer.
Future research should continue to focus on the relationship between comorbidity and stage of disease at diagnosis. It may be necessary to examine this association in populations that are sufficiently large to ensure that there are adequate numbers of cases in each of the three disease stages: local, regional, and remote. As noted previously, the results from the Detroit study indicated that there was a modest association between level of comorbidity and the likelihood of being diagnosed at a local stage (9) . Interestingly, there was also evidence of a slight increase in the percentage of women with remote disease with increasing levels of comorbidity; but, because women with remote disease account for a small percentage of women with breast cancer, this pattern did not have a significant effect on the overall relationship. It is important to note, however, that the same general results were found in a study of breast cancer among female members of a health maintenance organization in the San Francisco Bay Area (7) . With increasing levels of comorbidity, the more likely women were to be diagnosed with either localized or remote disease. There are two possible explanations. First, the association may depend on the relative access of the person to health screening. Those with comorbid conditions who have regular access to health care may be more likely to be diagnosed with localized disease. On the other hand, those with comorbid conditions who do not have such access may be more likely to be diagnosed with remote disease. Second, the association may depend more on the specific combinations of comorbid conditions than on the absolute number.
In the present study, it was not possible to examine which of the individual combinations of comorbid conditions were associated with stage of disease. The frequencies of cases with various combinations of conditions were quite small. Future research needs to be conducted with sample sizes large enough to ensure that there are enough cases with various combinations of conditions. Finally, future research should examine in more detail the overall relationship between comorbidity, stage of disease, and subsequent survival.
